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(57) ABSTRACT

A method for simulating an obstacle in an unmanned simu-
lation scene includes: for obstacle information in a three-
dimensional scene map, determining Gaussian distribution
information of obstacle position detected by using a percep-
tion algorithm to be tested based on actual perception
performance of the perception algorithm; adjusting each
position of the simulated obstacle in the initial motion
trajectory sequence, such that a position deviation between
each adjusted position point in the target motion trajectory
sequence and the corresponding position point in the initial
motion trajectory sequence follows a Gaussian distribution;
and adding the target motion trajectory sequence of the
simulated obstacle to the three-dimensional scene map.
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METHOD FOR SIMULATING OBSTACLE IN
UNMANNED SIMULATION SCENE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and benefits of Chinese
Patent Application Serial No. 202010406966.0, filed the
State Intellectual Property Office of P. R. China on May 14,
2020, the entire content of which is incorporated herein by
reference.

FIELD

The present disclosure relates to a field of computer
technologies, particularly to a field of unmanned driving
technologies, and more particularly to a method for simu-
lating an obstacle in an unmanned simulation scene, an
electronic device, and a storage medium.

BACKGROUND

An unmanned vehicle (i.e., an autonomous vehicle) is a
complex system, which needs a lot of tests before being put
into a practical application safely and reliably. Although the
test for an actual vehicle may achieve a good verification
result in an actual driving scene, the test for the actual
vehicle has extremely high cost and high risk. Therefore, it
is very important to test the function and stability of the
unmanned vehicle in a simulation scene.

An unmanned simulation scene may be constructed firstly
in a procedure of performing a simulation test on the
unmanned vehicle. However, constructing obstacle informa-
tion in the unmanned simulation scene is very critical for
accurately performing a subsequent simulation test on the
unmanned vehicle. Presently, obstacles in the unmanned
simulation scene are manually constructed in the related art.

SUMMARY

Embodiments of the present disclosure provide a method
for simulating an obstacle in an unmanned simulation scene.
The method includes: obtaining obstacle information to be
added to a three-dimensional scene map, the obstacle infor-
mation including an initial motion trajectory sequence of a
simulated obstacle; determining Gaussian distribution infor-
mation of obstacle position detected by using a perception
algorithm to be tested based on actual perception perfor-
mance of the perception algorithm, the Gaussian distribution
information including a preset expectation value and a preset
variance value of a Gaussian distribution; adjusting the
initial motion trajectory sequence based on the Gaussian
distribution to obtain a target motion trajectory sequence of
the simulated obstacle, for each position point in the target
motion trajectory sequence, a position deviation between the
position point in the target motion trajectory sequence and a
corresponding position point in the initial motion trajectory
sequence following the Gaussian distribution; and adding
the target motion trajectory sequence of the simulated
obstacle to the three-dimensional scene map.

Embodiments of the present disclosure provide an elec-
tronic device. The electronic device includes: at least one
processor and a memory. The memory is communicatively
coupled to the at least one processor. The memory is
configured to store instructions executed by the at least one
processor. When the instructions are executed by the at least
one processor, the at least one processor is caused to execute
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the method for simulating the obstacle in the unmanned
simulation scene according to embodiments of the present
disclosure.

Embodiments of the present disclosure provides a non-
transitory computer readable storage medium having com-
puter instructions stored thereon. The computer instructions
are configured to cause a computer to execute the method for
simulating the obstacle in the unmanned simulation scene
according to embodiments of the present disclosure.

Other effects achieved by the above alternative methods
will be described below with reference to detailed embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are used for better under-
standing the solution and do not constitute a limitation of the
present disclosure.

FIG. 1 is a flow chart illustrating a first embodiment of the
present disclosure.

FIG. 2 is a flow chart illustrating a second embodiment of
the present disclosure.

FIG. 3 is a flow chart illustrating a third embodiment of
the present disclosure.

FIG. 4 is a flow chart illustrating a fourth embodiment of
the present disclosure.

FIG. 5 is a flow chart illustrating a fifth embodiment of the
present disclosure.

FIG. 6 is a block diagram illustrating a sixth embodiment
of the present disclosure.

FIG. 7 is a block diagram illustrating an electronic device
capable of implementing embodiments of the present dis-
closure.

DETAILED DESCRIPTION

Description will be made below of exemplary embodi-
ments of the present disclosure with reference to accompa-
nying drawings, which include various details of embodi-
ments of the present disclosure to facilitate understanding
and should be regarded as merely examples. Therefore, it
should be recognized by the skilled in the art that various
changes and modifications may be made to the embodiments
described herein without departing from the scope and spirit
of the present disclosure. Meanwhile, for clarity and con-
ciseness, descriptions of well-known functions and struc-
tures are omitted in the following description.

Presently, obstacles in an unmanned simulation scene are
manually constructed in the related art. However, the
unmanned simulation scene constructed in this way may not
truly reflect the obstacle situation encountered by the
unmanned vehicle during actual driving. For example, a
perception result of real environment may not be reflected,
and there is a certain randomness in the obtained obstacle
position.

The present disclosure provides a method for simulating
an obstacle in an unmanned simulation scene, an electronic
device, and a storage medium, such that obstacle informa-
tion in a three-dimensional scene map which may reflect an
objective scene may be accurately constructed in combina-
tion with performance of a perception algorithm in an actual
driving scene, thereby facilitating a subsequent simulation
test for an unmanned vehicle based on the obstacle infor-
mation in the three-dimensional scene map.

Description will be made below of a method and an
apparatus for simulating an obstacle in an unmanned simu-
lation scene, an electronic device, and a storage medium
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according to embodiments of the present disclosure with
reference to accompanying drawings.

FIG. 1 is a flow chart illustrating a first embodiment of the
present disclosure. It should be noted that, an execution
subject of the method for simulating an obstacle in an
unmanned simulation scene according to embodiments is an
apparatus for simulating an obstacle in an unmanned simu-
lation scene. The apparatus for simulating an obstacle in an
unmanned simulation scene may be implemented in the
form of software and/or hardware, and provided in an
unmanned simulation system (referred to as a simulation
system for convenience of following description). The
unmanned simulation system in embodiments may be pro-
vided in an electronic device. The electronic device may be
a terminal device or a server. The terminal device may
include, but is not limited to, a device such as a smart phone,
a tablet, and a personal computer, which is not limited in this
embodiment.

As illustrated in FIG. 1, the method for simulating an
obstacle in an unmanned simulation scene may include the
following.

At block 101, obstacle information to be added to a
three-dimensional scene map is obtained. The obstacle infor-
mation includes an initial motion trajectory sequence of a
simulated obstacle.

In this embodiment, the initial motion trajectory sequence
of the simulated obstacle may be specified by a user in a
simulation system or generated by the simulation system
based on a preset rule, which is not limited herein.

The simulated obstacle in some embodiments may be a
dynamic simulated obstacle.

At block 102, Gaussian distribution information of
obstacle position detected by using a perception algorithm to
be tested is determined based on actual perception perfor-
mance of the perception algorithm. The Gaussian distribu-
tion information includes a preset expectation value and a
preset variance value of a Gaussian distribution.

It may be understood that, in an actual automatic driving
system, an unmanned vehicle perceives a surrounding scene
through one or more sensors, and processes original data
perceived by the one or more sensors with a perception
algorithm to obtain a perception result. In the actual auto-
matic driving system, the obtained perception result is not
very stable generally, which manifests as the obstacle posi-
tion is not exactly same in each frame. In other words, the
obstacle position is randomly shaken. However, such insta-
bility may have a great impact on a decision result of an
obstacle avoidance decision and a specification algorithm.
Therefore, it is very important to reflect the instability of the
perception result of the obstacle in the simulation scene for
accurately testing the function and the performance of the
unmanned vehicle. However, in the related art, the instabil-
ity of the perception result of the obstacle is not reflected in
the constructed unmanned simulation scene.

The sensor in the unmanned vehicle may include, but be
not limited to, a sensor such as a laser radar, a millimeter
wave radar, a video camera, and an ultrasonic wave.

In an embodiment of the present disclosure, in order to
accurately perceive the instability of the obstacle in the
unmanned vehicle scene, multiple reference obstacles are
provided in an actual driving scene, and the unmanned
vehicle which uses the perception algorithm is controlled to
perceive position information of the reference obstacles.
Correspondingly, the simulation system analyzes actual
position information of the reference obstacles and the
position information of the reference obstacles perceived by
the unmanned vehicle using the perception algorithm. It may
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be determined that a position deviation between the actual
position information and the perceived position information
follows the Gaussian distribution based on an analysis
result.

The position deviations corresponding to different per-
ception algorithms all follow a Gaussian distribution, while
different perception algorithms correspond to different
Gaussian distribution parameters. That is, different percep-
tion algorithms correspond to different expectation values
and different variance values of the Gaussian distributions.

In some embodiments, in order to quickly obtain the
Gaussian distribution information corresponding to the per-
ception algorithm in the simulation system, and then quickly
construct the obstacle information in the unmanned simu-
lation scene, a correspondence between the perception algo-
rithm and the Gaussian distribution information may be
preset in the simulation system.

In detail, after the perception algorithm to be tested is
obtained, the Gaussian distribution information correspond-
ing to the perception algorithm may be obtained based on the
preset correspondence between the perception algorithm and
the Gaussian distribution information.

At block 103, the initial motion trajectory sequence is
adjusted based on the Gaussian distribution to obtain a target
motion trajectory sequence of the simulated obstacle. For
each position point in the target motion trajectory sequence,
a position deviation between the position point in the target
motion trajectory sequence and a corresponding position
point in the initial motion trajectory sequence follows the
Gaussian distribution.

In some embodiments, in order to enable the unmanned
simulation scene to reflect the instability of the perception
result of the obstacle perceived by the unmanned vehicle in
the actual driving scene, and to more truly reflect an obstacle
scene where obstacles are encountered by the unmanned
vehicle in an actual driving procedure, the initial trajectory
sequence is adjusted in combination with the Gaussian
distribution to obtain the target trajectory sequence of the
simulated obstacle after the initial trajectory sequence of the
simulated obstacle is obtained.

At block 104, the target motion trajectory sequence of the
simulated obstacle is added to the three-dimensional scene
map.

With the method for simulating an obstacle in an
unmanned simulation scene according to embodiments,
when the obstacle information in the three-dimensional
scene map is constructed, the Gaussian distribution infor-
mation of the obstacle position detected by using the per-
ception algorithm is determined based on the actual percep-
tion performance of the perception algorithm to be tested.
Each position point in the initial motion trajectory sequence
of the simulated obstacle is adjusted, such that the position
deviation between each adjusted position point in the target
motion trajectory sequence and the corresponding position
point in the initial motion trajectory sequence follows the
Gaussian distribution. The target motion trajectory sequence
of the simulated obstacle is added to the three-dimensional
scene map. In this way, the obstacle information in the
three-dimensional scene map which may reflect the objec-
tive scene may be accurately constructed in combination
with the performance of the perception algorithm in the
actual driving scene, and it is convenient for performing the
subsequent simulation test for the unmanned vehicle based
on the obstacle information in the three-dimensional scene
map.

In the actual automatic driving system, not only the
obstacle position but also a contour of the obstacle appears
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shaking in the perception result. However, the contour of the
simulated obstacle in the unmanned simulation scene con-
structed in the related art usually keeps unchanged. In order
to more truly reflect the obstacle scene encountered by the
unmanned vehicle in the actual driving procedure, the shak-
ing of the contour of the obstacle in the unmanned simula-
tion scene is simulated in embodiments of the present
disclosure. Description will be made below with reference to
FIG. 2.

FIG. 2 is a flow chart illustrating a second embodiment of
the present disclosure. This embodiment is a further refine-
ment and extension of the above embodiment.

In embodiments of the present disclosure, the obstacle
information also includes an initial contour of the simulated
obstacle at each position point in the initial motion trajectory
sequence.

As illustrated in FIG. 2, the method for simulating an
obstacle in an unmanned simulation scene may include the
following.

At block 201, the initial contour of the simulated obstacle
at each position point in the initial motion trajectory
sequence is adjusted based on the Gaussian distribution to
obtain a target contour of the simulated obstacle at each
position point in the target motion trajectory sequence.

For each position point in the target motion trajectory
sequence, a contour deviation between a target contour of
the simulated obstacle at the position point in the target
motion trajectory sequence and an initial contour of the
simulated obstacle at a corresponding position point in the
initial motion trajectory sequence follows the Gaussian
distribution.

At block 202, the target contour of the simulated obstacle
at each position point in the target motion trajectory
sequence is added to the three-dimensional scene map.

In this embodiment, the Gaussian distribution information
of the obstacle position detected by using the perception
algorithm is determined in combination with the actual
perception performance of the perception algorithm to be
tested, and the contour of the simulated obstacle is adjusted,
such that the contour of the simulated obstacle in the
three-dimensional scene map may more truly reflect the
obstacle scene encountered by the unmanned vehicle in the
actual driving procedure, and the subsequent simulation test
for the unmanned vehicle is facilitated based on the obstacle
information in the three-dimensional scene map.

Based on the above embodiments, in some embodiments
of the present disclosure, generally, a dynamic obstacle may
not always stay in an effective decision region of the vehicle
in the actual driving scene, but leave the effective decision
region of the vehicle after staying for a period. The effective
decision region of the vehicle refers to a region that has an
impact on a driving planning of the vehicle. If there is an
obstacle in the region, the vehicle may adjust the driving
based on the obstacle. In order to more truly reflect the
obstacle scene encountered by the unmanned vehicle in the
actual driving procedure, as illustrated in FIG. 3, the method
may also include the following.

Atblock 301, an effective decision region of an unmanned
vehicle model to be tested is determined based on a velocity
of the unmanned vehicle model.

In detail, the velocity of the unmanned vehicle model
subjected to a simulation test in the three-dimensional scene
map may be obtained. A position range which may influence
the unmanned vehicle model is formed in a driving direction
of the unmanned vehicle model based on the driving direc-
tion of the unmanned vehicle model. Further, position ranges
that influence the unmanned vehicle model are determined
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from both sides of the unmanned vehicle model. Thus, the
effective decision region of the unmanned vehicle model
may be determined based on the position ranges.

At block 302, residence period information of the simu-
lated obstacle in the effective decision region is determined
based on a type of the simulated obstacle.

The type of the simulated obstacle may include a pedes-
trian, a motor vehicle, and the like.

In some embodiments, a statistical result of residence
periods of different types of obstacles in an effective deci-
sion region of a main vehicle (i.e., the unmanned vehicle) is
determined based on actual driving data. By analyzing the
residence periods of different types of obstacles, it may be
determined that each of the residence periods of different
types of obstacles follow an exponential distribution model.
Different types of obstacles correspond to different model
parameters of the exponential distribution model.

For example, if the dynamic obstacle is pedestrians, the
pedestrians may be divided into a conservative pedestrian
and an aggressive pedestrian based on a personality differ-
ence of the pedestrians. The conservative pedestrian may
generally follow the traffic rules, such as walking on any side
of the road, taking an initiative to avoid a coming vehicle,
and not provoking the main vehicle for no reason. The
aggressive pedestrian may not generally follow the traffic
rules, such as walking freely in the driveway, and may not
avoid the main vehicle in time when the main vehicle comes.
Even due to curiosity about the unmanned vehicle, the
aggressive pedestrian may exhibit behaviors of watching
and tantalizing the unmanned vehicle. Therefore, the resi-
dence period of the conservative pedestrian is different from
the residence period of the aggressive pedestrian in the
effective decision region of the vehicle.

In detail, after the type of the simulated obstacle is
obtained, the exponential distribution model corresponding
to the simulated obstacle may be obtained, and the residence
period information of the type of the simulated obstacle in
the effective decision region may be determined based on the
exponential distribution model.

For example, in an embodiment, there are multiple simu-
lated obstacles of the same type. Based on a corresponding
exponential distribution model, the residence period of each
simulated obstacle in the effective decision region may be
determined, and a residence period of each of the multiple
simulated obstacles follow a corresponding exponential dis-
tribution model.

At block 303, the residence period information of the
simulated obstacle is added to the three-dimensional scene
map.

In this embodiment, the effective decision region of the
unmanned vehicle model is determined based on the veloc-
ity of the unmanned vehicle model, the residence period
information of the simulated obstacle in the effective deci-
sion region is determined based on the type of the simulated
obstacle, and the residence period information of the simu-
lated obstacle in the effective decision region is added to the
three-dimensional scene map. In this way, the simulated
obstacle in the three-dimensional scene map may more truly
reflect the obstacle scene encountered by the unmanned
vehicle in the actual driving procedure, which facilitates the
subsequent simulation test for the unmanned vehicle based
on the obstacle information in the three-dimensional scene
map.

In the related art, in a procedure of constructing the
simulation scene of the unmanned vehicle in the simulation
system, obstacles distributed in a specified position range in
the three-dimensional scene map and initial location points
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of the obstacles are set manually. However, the distribution
of the obstacles set in this way may be different from
distribution of obstacles within the specified position range
in the actual driving scene. In order to more truly reflect the
obstacle scene encountered by the unmanned vehicle in the
actual driving procedure, on the basis of any of the above
embodiments, as illustrated in FIG. 4, the method may also
include the following.

At block 401, a position range specified in the three-
dimensional scene map is obtained.

At block 402, a type and an initial position point of a
simulated obstacle distributed within the position range are
determined by utilizing a preset obstacle distribution model.

In detail, when the unmanned simulation scene is created
by the user in the simulation system, the unmanned simu-
lation scene may be constructed by the user within the
position range specified in the three-dimensional scene map.

The obstacle information may also include the type and
the initial position point of the simulated obstacle.

Correspondingly, the simulation system may determine
the type and the initial position point of the simulated
obstacle distributed within the position range based on the
position range specified by the user and the preset obstacle
distribution model.

In some embodiments, the obstacle information is
extracted based on actual driving scene data, the obstacle
position and type data are obtained by marking. The preset
obstacle distribution model is an obstacle distribution model
established based on the obstacle position and the type data.
The obstacle distribution model obtains a position and an
obstacle distribution feature by means of learning. In other
words, the obstacle distribution model may represent a
probability distribution feature between the positions and the
obstacles.

At block 403, obstacle information to be added to the
three-dimensional scene map is obtained. The obstacle infor-
mation includes an initial motion trajectory sequence of the
simulated obstacle.

At block 404, Gaussian distribution information of
obstacle position detected by using a perception algorithm to
be tested is determined based on actual perception perfor-
mance of the perception algorithm. The Gaussian distribu-
tion information includes a preset expectation value and a
preset variance value of a Gaussian distribution.

At block 405, the initial motion trajectory sequence is
adjusted based on the Gaussian distribution to obtain a target
motion trajectory sequence of the simulated obstacle.

For each position point in the target motion trajectory
sequence, a position deviation between the position point in
the target motion trajectory sequence and a corresponding
position point in the initial motion trajectory sequence
follows the Gaussian distribution.

At block 406, the type, the initial position point, and the
target motion trajectory sequence of the simulated obstacle
are added to the three-dimensional scene map.

In some embodiments, in combination with the preset
obstacle distribution model, the types and the initial position
points of the simulated obstacles distributed within the
position range specified in the three-dimensional scene map
are determined automatically, such that the distribution of
the simulated obstacles within the position range specified in
the three-dimensional scene map is closer to that in the
actual driving scene, thus an obstacle scene in the three-
dimensional scene map may more truly reflect the obstacle
scene encountered by the unmanned vehicle in the actual
driving procedure.
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It may be understood that, after a dynamic obstacle
existing in the actual driving scene encounters a vehicle, the
dynamic obstacle may adjust a behavior of the dynamic
obstacle based on self-perception and self-decision, or may
interact with the driver of the vehicle to adjust the behavior
of the dynamic obstacle. However, in the related art, active
decision of the obstacle is not constructed in the unmanned
simulation scene, such that there is a difference between the
unmanned simulation scene and the actual driving scene. In
order to construct a scene that may more truly reflect
obstacles encountered by the unmanned vehicle in the actual
driving procedure, the method for simulating an obstacle in
the unmanned simulation scene according to an embodiment
may be further described with reference to FIG. 5 below.

As illustrated in FIG. 5, the method for simulating an
obstacle in an unmanned simulation scene may include the
following.

At block 501, a position range specified in the three-
dimensional scene map is obtained.

At block 502, a type and an initial position point of a
simulated obstacle distributed within the position range are
determined by utilizing a preset obstacle distribution model.

At block 503, a behavior model of the simulated obstacle
is obtained.

In detail, the behavior model of the simulated obstacle
may be obtained based on the type of the simulated obstacle.

The behavior model is established by analyzing behavior
data in actual driving scene data made by an actual obstacle
corresponding to the simulated obstacle when the actual
obstacle encounters a vehicle.

At block 504, an initial motion trajectory sequence of the
simulated obstacle is determined based on the initial position
point and the behavior model.

In detail, after the initial position point of the simulated
obstacle is obtained, the initial motion trajectory sequence of
the simulated obstacle may be generated based on the type
and the initial position point of the simulated obstacle.

In some embodiments, in combination with the behavior
model of the simulated obstacle, the initial motion trajectory
sequence of the simulated obstacle is generated, such that
the generated motion trajectory sequence of the simulated
obstacle may more truly reflect motion of the obstacle in the
actual driving scene.

At block 505, an initial contour of the simulated obstacle
at each position point in the initial motion trajectory
sequence is obtained.

The simulated obstacle has a same initial contour at each
position point in the initial motion trajectory sequence.

At block 506, Gaussian distribution information of an
obstacle position detected by using a perception algorithm to
be tested is determined based on an actual perception
performance of the perception algorithm. The Gaussian
distribution information includes a preset expectation value
and a preset variance value of a Gaussian distribution.

At block 507, the initial motion trajectory sequence is
adjusted based on the Gaussian distribution to obtain a target
motion trajectory sequence of the simulated obstacle.

For each position point in the target motion trajectory
sequence, a position deviation between the position point in
the target motion trajectory sequence and a corresponding
position point in the initial motion trajectory sequence
follows the Gaussian distribution.

At block 508, the initial contour of the simulated obstacle
at each position point in the initial motion trajectory
sequence is adjusted based on the Gaussian distribution to
obtain a target contour of the simulated obstacle at each
position point in the target motion trajectory sequence.
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For each position point in the target motion trajectory
sequence, a contour deviation between a target contour of
the simulated obstacle at the position point in the target
motion trajectory sequence and an initial contour of the
simulated obstacle at a corresponding position point in the
initial motion trajectory sequence follows the Gaussian
distribution.

It should be noted that, the action at blocks 507 and 508
may be performed without a particular order.

At block 509, the type, the initial position point, and the
target motion trajectory sequence of the simulated obstacle,
and the target contour of the simulated obstacle at each
position point in the target motion trajectory sequence are
added to the three-dimensional scene map.

In detail, after the type, and the target motion trajectory
sequence of the simulated obstacle, and the target contour of
the simulated obstacle at each position point in the target
motion trajectory sequence are added to the three-dimen-
sional scene map, in the subsequent test, the simulated
obstacle in the three-dimensional scene map may be con-
trolled based on the target motion trajectory sequence and
the behavior model of the simulated obstacle, and the target
contour of the simulated obstacle at each position point in
the target motion trajectory sequence.

In embodiments, in the procedure of constructing the
unmanned simulation scene, the type, the initial position, the
position shaking and the residence period of the simulated
obstacle in the effective decision region are determined, and
the simulated obstacle in the unmanned simulation scene is
constructed in combination with the above information of
the simulated obstacle, such that the simulated obstacle in
the constructed unmanned simulation scene may more truly
reflect the obstacle scene encountered by the unmanned
vehicle in the actual driving procedure.

To achieve the above embodiments, embodiments of the
present disclosure also provide an apparatus for simulating
an obstacle in an unmanned simulation scene.

FIG. 6 is a block diagram illustrating a sixth embodiment
of the present disclosure. As illustrated in FIG. 6, the
apparatus 100 for simulating the obstacle in the unmanned
simulation scene includes a first obtaining module 110, a
first determining module 120, a first adjusting module 130,
and an adding module 140.

The first obtaining module 110 is configured to obtain
obstacle information to be added to a three-dimensional
scene map. The obstacle information includes an initial
motion trajectory sequence of a simulated obstacle.

The first determining module 120 is configured to deter-
mine Gaussian distribution information of obstacle position
detected by using a perception algorithm to be tested based
on actual perception performance of the perception algo-
rithm. The Gaussian distribution information includes a
preset expectation value and a preset variance value of a
Gaussian distribution.

The first adjusting module 130 is configured to adjust the
initial motion trajectory sequence based on the Gaussian
distribution to obtain a target motion trajectory sequence of
the simulated obstacle. For each position point in the target
motion trajectory sequence, a position deviation between the
position point in the target motion trajectory sequence and a
corresponding position point in the initial motion trajectory
sequence follows the Gaussian distribution.

The adding module 140 is configured to add the target
motion trajectory sequence of the simulated obstacle to the
three-dimensional scene map.

On the basis of the above embodiments, in order to more
truly reflect the obstacle scene encountered by the unmanned
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vehicle in the actual driving procedure, in some embodi-
ments of the present disclosure, the obstacle information
also includes an initial contour of the simulated obstacle at
each position point in the initial motion trajectory sequence.
Based on the above embodiment, the apparatus also includes
a second adjusting module (not illustrated in the accompa-
nying drawings).

The second adjusting module is configured to adjust the
initial contour of the simulated obstacle at each position
point in the initial motion trajectory sequence based on the
Gaussian distribution to obtain a target contour of the
simulated obstacle at each position point in the target motion
trajectory sequence. For each position point in the target
motion trajectory sequence, a contour deviation between a
target contour of the simulated obstacle at the position point
in the target motion trajectory sequence and an initial
contour of the simulated obstacle at a corresponding position
point in the initial motion trajectory sequence follows the
Gaussian distribution

The adding module 140 is also configured to add the
target contour of the simulated obstacle at each position
point in the target motion trajectory sequence to the three-
dimensional scene map.

In some embodiments, in order to more truly reflect the
obstacle scene encountered by the unmanned vehicle in the
actual driving procedure, the apparatus also includes a
second determining module (not illustrated in the accompa-
nying drawings) and a third determining module (not illus-
trated in the accompanying drawings).

The second determining module is configured to deter-
mine an effective decision region of an unmanned vehicle
model to be tested based on a velocity of the unmanned
vehicle model.

The third determining module is configured to determine
residence period information of the simulated obstacle in the
effective decision region based on a type of the simulated
obstacle.

The adding module 140 is also configured to add the
residence period information of the simulated obstacle to the
three-dimensional scene map.

On the basis of the above embodiments, the obstacle
information also includes a type and an initial position point
of the simulated obstacle. The apparatus also includes: a
second obtaining module (not illustrated in the accompany-
ing drawings) and a fourth determining module (not illus-
trated in the accompanying drawings).

The second obtaining module is configured to obtain a
position range specified in the three-dimensional scene map.

The fourth determining module is configured to determine
the type and the initial position point of the simulated
obstacle distributed within the position range by utilizing a
preset obstacle distribution model,

The adding module 140 is also configured to add the type
and the initial position point of the simulated obstacle to the
three-dimensional scene map.

On the basis of the above embodiments, in order to more
truly reflect self-perception, independent decision and
motion planning ability of an obstacle such as a pedestrian
and a motor vehicle when the obstacle encounters the
vehicle, in some embodiments of the present disclosure, the
apparatus also includes a third obtaining module (not illus-
trated in the accompanying drawings) and a fifth determin-
ing module (not illustrated in the accompanying drawings).

The third obtaining module is configured to obtain a
behavior model of the simulated obstacle. The behavior
model is established by analyzing behavior data in actual
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driving scene data made by an actual obstacle corresponding
to the simulated obstacle when the actual obstacle encoun-
ters a vehicle.

The fifth determining module is configured to determine
the initial motion trajectory sequence of the simulated
obstacle based on the initial position point and the behavior
model.

It should be noted that, the above description for the
method for simulating the obstacle in the unmanned simu-
lation scene is also applicable to the apparatus for simulating
the obstacle in the unmanned simulation scene in this
embodiment, which is not be elaborated here.

With the apparatus for simulating the obstacle in the
unmanned simulation scene according to embodiments of
the present disclosure, the Gaussian distribution information
of the obstacle position detected by using the perception
algorithm is determined based on the actual perception
performance of the perception algorithm to be tested when
the obstacle information in the three-dimensional scene map
is constructed. Each position point of the simulated obstacle
in the initial motion trajectory sequence is adjusted, such
that the position deviation between each adjusted position
point in the target motion trajectory sequence and the
corresponding position point in the initial motion trajectory
sequence follows the Gaussian distribution. The target
motion trajectory sequence of the simulated obstacle is
added to the three-dimensional scene map. In this way, the
obstacle information in the three-dimensional scene map
which reflects the objective scene may be accurately con-
structed in combination with the performance of the per-
ception algorithm in the actual driving scene, and it is
convenient for performing the subsequent simulation test for
the unmanned vehicle based on the obstacle information in
the three-dimensional scene map.

According to embodiments of the present disclosure, the
present disclosure also provides an electronic device and a
readable storage medium.

FIG. 7 is a block diagram illustrating an electronic device
capable of implementing embodiments of the present dis-
closure. The electronic device aims to represent various
forms of digital computers, such as a laptop computer, a
desktop computer, a workstation, a personal digital assistant,
a server, a blade server, a mainframe computer and other
suitable computer. The electronic device may also represent
various forms of mobile devices, such as personal digital
processing, a cellular phone, a smart phone, a wearable
device and other similar computing device. The compo-
nents, connections and relationships of the components, and
functions of the components illustrated herein are merely
examples, and are not intended to limit the implementation
of the present disclosure described and/or claimed herein.

As illustrated in FIG. 7, the electronic device includes:
one or more processors 701, a memory 702, and interfaces
for connecting various components, including a high-speed
interface and a low-speed interface. Various components are
connected to each other by different buses, and may be
mounted on a common main board or in other ways as
required. The processor may process instructions executed
within the electronic device, including instructions stored in
or on the memory to display graphical information of the
GUI (graphical user interface) on an external input/output
device (such as a display device coupled to an interface). In
other implementations, multiple processors and/or multiple
buses may be used together with multiple memories if
desired. Similarly, multiple electronic devices may be con-
nected, and each device provides some necessary operations
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(for example, as a server array, a group of blade servers, or
a multiprocessor system). In FIG. 7, a processor 701 is taken
as an example.

The memory 702 is a non-transitory computer readable
storage medium provided by the present disclosure. The
memory is configured to store instructions executable by at
least one processor, to enable the at least one processor to
execute a method for simulating an obstacle in an unmanned
simulation scene provided by the present disclosure. The
non-transitory computer readable storage medium provided
by the present disclosure is configured to store computer
instructions. The computer instructions are configured to
enable a computer to execute the method for simulating the
obstacle in the unmanned simulation scene provided by the
present disclosure.

As the non-transitory computer readable storage medium,
the memory 702 may be configured to store non-transitory
software programs, non-transitory computer executable pro-
grams and modules, such as program instructions/modules
corresponding to the method for simulating the obstacle in
the unmanned simulation scene according to embodiments
of the present disclosure. The processor 701 is configured to
execute various functional applications and data processing
of the server by operating non-transitory software programs,
instructions and modules stored in the memory 702, that is,
implements the method for simulating the obstacle in the
unmanned simulation scene according to the above method
embodiment.

The memory 702 may include a storage program region
and a storage data region. The storage program region may
store an application required by an operating system and at
least one function. The storage data region may store data
created according to predicted usage of the electronic device
based on the semantic representation. In addition, the
memory 702 may include a high-speed random-access
memory, and may also include a non-transitory memory,
such as at least one disk memory device, a flash memory
device, or other non-transitory solid-state memory device. In
some embodiments, the memory 702 may optionally include
memories remotely located to the processor 701, and these
remote memories may be connected to the electronic device
via a network. Examples of the above network include, but
are not limited to, an Internet, an intranet, a local area
network, a mobile communication network and combina-
tions thereof.

The electronic device may also include: an input appara-
tus 703 and an output device 704. The processor 701, the
memory 702, the input device 703, and the output device
704 may be connected via a bus or in other means. In FIG.
7, the bus is taken as an example.

The input device 703 may be configured to receive
inputted digital or character information, and to generate key
signal input related to user setting and function control of the
electronic device, such as a touch screen, a keypad, a mouse,
a track pad, a touch pad, an indicator stick, one or more
mouse buttons, a trackball, a joystick and other input device.
The output device 704 may include a display device, an
auxiliary lighting device (e.g., LED), a haptic feedback
device (e.g., a vibration motor), and the like. The display
device may include, but be not limited to, a liquid crystal
display (LCD), a light emitting diode (LED) display, and a
plasma display. In some embodiments, the display device
may be the touch screen.

The various implementations of the system and technolo-
gies described herein may be implemented in a digital
electronic circuit system, an integrated circuit system, an
application specific ASIC (application specific integrated
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circuit), a computer hardware, a firmware, a software, and/or
combinations thereof. These various implementations may
include: being implemented in one or more computer pro-
grams. The one or more computer programs may be
executed and/or interpreted on a programmable system
including at least one programmable processor. The pro-
grammable processor may be a special purpose or general
purpose programmable processor, may receive data and
instructions from a storage system, at least one input device,
and at least one output device, and may transmit the data and
the instructions to the storage system, the at least one input
device, and the at least one output device.

These computing programs (also called programs, soft-
ware, software applications, or codes) include machine
instructions of programmable processors, and may be imple-
mented by utilizing high-level procedures and/or object-
oriented programming languages, and/or assembly/machine
languages. As used herein, the terms “machine readable
medium” and “computer readable medium” refer to any
computer program product, device, and/or apparatus (such
as, a magnetic disk, an optical disk, a memory, a program-
mable logic device (PLD)) for providing machine instruc-
tions and/or data to a programmable processor, including
machine readable medium that receives machine instruc-
tions as a machine-readable signal. The term “machine
readable signal” refers to any signal for providing the
machine instructions and/or data to the programmable pro-
Cessor.

To provide interaction with a user, the system and tech-
nologies described herein may be implemented on a com-
puter. The computer has a display device (such as, a CRT
(cathode ray tube) or a LCD (liquid crystal display) monitor)
for displaying information to the user, a keyboard and a
pointing device (such as, a mouse or a trackball), through
which the user may provide the input to the computer. Other
types of devices may also be configured to provide interac-
tion with the user. For example, the feedback provided to the
user may be any form of sensory feedback (such as, visual
feedback, auditory feedback, or tactile feedback), and the
input from the user may be received in any form (including
acoustic input, voice input or tactile input).

The system and technologies described herein may be
implemented in a computing system including a background
component (such as, a data server), a computing system
including a middleware component (such as, an application
server), or a computing system including a front-end com-
ponent (such as, a user computer having a graphical user
interface or a web browser through which the user may
interact with embodiments of the system and technologies
described herein), or a computing system including any
combination of such background component, the middle-
ware components, or the front-end component. Components
of'the system may be connected to each other through digital
data communication in any form or medium (such as, a
communication network). Examples of the communication
network include a local area network (LAN), a wide area
networks (WAN), and the Internet.

The computer system may include a client and a server.
The client and the server are generally remote from each
other and usually interact via the communication network. A
relationship between the client and the server is generated by
computer programs operated on a corresponding computer
and having a client-server relationship with each other.

It should be understood that, steps may be reordered,
added or deleted by utilizing flows in the various forms
illustrated above. For example, the steps described in the
present disclosure may be executed in parallel, sequentially
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or in different orders, so long as desired results of the
technical solution disclosed in the present disclosure may be
achieved, there is no limitation here.

The above detailed implementations do not limit the
protection scope of the present disclosure. It should be
understood by the skilled in the art that various modifica-
tions, combinations, sub-combinations and substitutions
may be made based on design requirements and other
factors. Any modification, equivalent substitution and
improvement made within the spirit and the principle of the
present disclosure shall be included in the protection scope
of present disclosure.

What is claimed is:
1. A method for simulating an obstacle in an unmanned
simulation scene, comprising:
obtaining obstacle information to be added to a three-
dimensional scene map, the obstacle information com-
prising an initial motion trajectory sequence of a simu-
lated obstacle;
determining Gaussian distribution information of obstacle
position detected by using a perception algorithm to be
tested based on actual perception performance of the
perception algorithm, the Gaussian distribution infor-
mation comprising a preset expectation value and a
preset variance value of a Gaussian distribution;
adjusting the initial motion trajectory sequence based on
the Gaussian distribution to obtain a target motion
trajectory sequence of the simulated obstacle, for each
position point in the target motion trajectory sequence,
a position deviation between the position point in the
target motion trajectory sequence and a corresponding
position point in the initial motion trajectory sequence
following the Gaussian distribution; and
adding the target motion trajectory sequence of the simu-
lated obstacle to the three-dimensional scene map;
wherein the method further comprises:
determining an effective decision region of an unmanned
vehicle model to be tested based on a velocity of the
unmanned vehicle model, wherein the effective deci-
sion region refers to a region that has an impact on a
driving plan of the unmanned vehicle;
obtaining an exponential distribution model correspond-
ing to a type of the simulated obstacle, and determining
residence period information of the type of simulated
obstacle in the effective decision region based on the
exponential distribution model; and
adding the residence period information of the type of
simulated obstacle to the three-dimensional scene map.
2. The method of claim 1, wherein the obstacle informa-
tion further comprises an initial contour of the simulated
obstacle at each position point in the initial motion trajectory
sequence, the simulated obstacle has a same initial contour
at each position point in the initial motion trajectory
sequence, and the method further comprises:
adjusting the initial contour of the simulated obstacle at
each position point in the initial motion trajectory
sequence based on the Gaussian distribution to obtain
a target contour of the simulated obstacle at each
position point in the target motion trajectory sequence,
for each position point in the target motion trajectory
sequence, a contour deviation between a target contour
of the simulated obstacle at the position point in the
target motion trajectory sequence and an initial contour
of the simulated obstacle at a corresponding position
point in the initial motion trajectory sequence following
the Gaussian distribution; and
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adding the target contour of the simulated obstacle at each
position point in the target motion trajectory sequence
to the three-dimensional scene map.

3. The method of claim 1, wherein the obstacle informa-
tion further comprises a type and an initial position point of
the simulated obstacle, before obtaining the obstacle infor-
mation to be added to the three-dimensional scene map, the
method further comprises:

obtaining a position range specified in the three-dimen-

sional scene map;

determining the type and the initial position point of the

simulated obstacle distributed within the position range

by utilizing a preset obstacle distribution model;
adding the type and the initial position point of the

simulated obstacle to the three-dimensional scene map.

4. The method of claim 2, wherein the obstacle informa-
tion further comprises a type and an initial position point of
the simulated obstacle, before obtaining the obstacle infor-
mation to be added to the three-dimensional scene map, the
method further comprises:

obtaining a position range specified in the three-dimen-

sional scene map;

determining the type and the initial position point of the

simulated obstacle distributed within the position range

by utilizing a preset obstacle distribution model;
adding the type and the initial position point of the

simulated obstacle to the three-dimensional scene map.

5. The method of claim 3, further comprising:

obtaining a behavior model of the simulated obstacle, the

behavior model being established by analyzing behav-
ior data in actual driving scene data made by an actual
obstacle corresponding to the simulated obstacle when
the actual obstacle encounters a n unmanned vehicle;
and

determining the initial motion trajectory sequence of the

simulated obstacle based on the initial position point
and the behavior model.

6. An electronic device, comprising:

at least one processor; and

a memory, communicatively coupled to the at least one

processot,

wherein the memory is configured to store instructions

executable by the at least one processor, and when the
instructions are executed by the at least one processor,
the at least one processor is caused to implement a
method for simulating an obstacle in an unmanned
simulation scene, the method comprising:

obtaining obstacle information to be added to a three-

dimensional scene map, the obstacle information com-
prising an initial motion trajectory sequence of a simu-
lated obstacle;
determining Gaussian distribution information of obstacle
position detected by using a perception algorithm to be
tested based on actual perception performance of the
perception algorithm, the Gaussian distribution infor-
mation comprising a preset expectation value and a
preset variance value of a Gaussian distribution;

adjusting the initial motion trajectory sequence based on
the Gaussian distribution to obtain a target motion
trajectory sequence of the simulated obstacle, for each
position point in the target motion trajectory sequence,
a position deviation between the position point in the
target motion trajectory sequence and a corresponding
position point in the initial motion trajectory sequence
following the Gaussian distribution; and

adding the target motion trajectory sequence of the simu-

lated obstacle to the three-dimensional scene map;
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wherein the method further comprises:

determining an effective decision region of an unmanned
vehicle model to be tested based on a velocity of the
unmanned vehicle model, wherein the effective deci-
sion region refers to a region that has an impact on a
driving plan of the unmanned vehicle;

obtaining an exponential distribution model correspond-

ing to a type of the simulated obstacle, and determining
residence period information of the type of simulated
obstacle in the effective decision region based on the
exponential distribution model; and

adding the residence period information of the type of

simulated obstacle to the three-dimensional scene map.

7. The electronic device of claim 6, wherein the obstacle
information further comprises an initial contour of the
simulated obstacle at each position point in the initial motion
trajectory sequence, the simulated obstacle has a same initial
contour at each position point in the initial motion trajectory
sequence, and the method further comprises:

adjusting the initial contour of the simulated obstacle at

each position point in the initial motion trajectory
sequence based on the Gaussian distribution to obtain
a target contour of the simulated obstacle at each
position point in the target motion trajectory sequence,
for each position point in the target motion trajectory
sequence, a contour deviation between a target contour
of the simulated obstacle at the position point in the
target motion trajectory sequence and an initial contour
of the simulated obstacle at a corresponding position
point in the initial motion trajectory sequence following
the Gaussian distribution; and

adding the target contour of the simulated obstacle at each

position point in the target motion trajectory sequence
to the three-dimensional scene map.

8. The electronic device of claim 6, wherein the obstacle
information further comprises a type and an initial position
point of the simulated obstacle, before obtaining the obstacle
information to be added to the three-dimensional scene map,
the method further comprises:

obtaining a position range specified in the three-dimen-

sional scene map;

determining the type and the initial position point of the

simulated obstacle distributed within the position range

by utilizing a preset obstacle distribution model;
adding the type and the initial position point of the

simulated obstacle to the three-dimensional scene map.

9. The electronic device of claim 7, wherein the obstacle
information further comprises a type and an initial position
point of the simulated obstacle, before obtaining the obstacle
information to be added to the three-dimensional scene map,
the method further comprises:

obtaining a position range specified in the three-dimen-

sional scene map;

determining the type and the initial position point of the

simulated obstacle distributed within the position range

by utilizing a preset obstacle distribution model;
adding the type and the initial position point of the

simulated obstacle to the three-dimensional scene map.

10. The electronic device of claim 8, wherein the method
further comprises:

obtaining a behavior model of the simulated obstacle, the

behavior model being established by analyzing behav-
ior data in actual driving scene data made by an actual
obstacle corresponding to the simulated obstacle when
the actual obstacle encounters a n unmanned vehicle;
and
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determining the initial motion trajectory sequence of the
simulated obstacle based on the initial position point
and the behavior model.

11. A non-transitory computer readable storage medium
having computer instructions stored thereon, wherein the
computer instructions are configured to cause a computer to
execute a method for simulating an obstacle in an unmanned
simulation scene, the method comprising:

obtaining obstacle information to be added to a three-

dimensional scene map, the obstacle information com-
prising an initial motion trajectory sequence of a simu-
lated obstacle;
determining Gaussian distribution information of obstacle
position detected by using a perception algorithm to be
tested based on actual perception performance of the
perception algorithm, the Gaussian distribution infor-
mation comprising a preset expectation value and a
preset variance value of a Gaussian distribution;

adjusting the initial motion trajectory sequence based on
the Gaussian distribution to obtain a target motion
trajectory sequence of the simulated obstacle, for each
position point in the target motion trajectory sequence,
a position deviation between the position point in the
target motion trajectory sequence and a corresponding
position point in the initial motion trajectory sequence
following the Gaussian distribution; and

adding the target motion trajectory sequence of the simu-

lated obstacle to the three-dimensional scene map;
wherein the method further comprises:

determining an effective decision region of an unmanned

vehicle model to be tested based on a velocity of the
unmanned vehicle model, wherein the effective deci-
sion region refers to a region that has an impact on a
driving plan of the unmanned vehicle;

obtaining an exponential distribution model correspond-

ing to a type of the simulated obstacle, and determining
residence period information of the type of simulated
obstacle in the effective decision region based on the
exponential distribution model; and

adding the residence period information of the type of

simulated obstacle to the three-dimensional scene map.

12. The storage medium of claim 11, wherein the obstacle
information further comprises an initial contour of the
simulated obstacle at each position point in the initial motion
trajectory sequence, the simulated obstacle has a same initial
contour at each position point in the initial motion trajectory
sequence, and the method further comprises:

adjusting the initial contour of the simulated obstacle at

each position point in the initial motion trajectory
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sequence based on the Gaussian distribution to obtain
a target contour of the simulated obstacle at each
position point in the target motion trajectory sequence,
for each position point in the target motion trajectory
sequence, a contour deviation between a target contour
of the simulated obstacle at the position point in the
target motion trajectory sequence and an initial contour
of the simulated obstacle at a corresponding position
point in the initial motion trajectory sequence following
the Gaussian distribution; and

adding the target contour of the simulated obstacle at each

position point in the target motion trajectory sequence
to the three-dimensional scene map.

13. The storage medium of claim 11, wherein the obstacle
information further comprises a type and an initial position
point of the simulated obstacle, before obtaining the obstacle
information to be added to the three-dimensional scene map,
the method further comprises:

obtaining a position range specified in the three-dimen-

sional scene map;

determining the type and the initial position point of the

simulated obstacle distributed within the position range

by utilizing a preset obstacle distribution model;
adding the type and the initial position point of the

simulated obstacle to the three-dimensional scene map.

14. The storage medium of claim 12, wherein the obstacle
information further comprises a type and an initial position
point of the simulated obstacle, before obtaining the obstacle
information to be added to the three-dimensional scene map,
the method further comprises:

obtaining a position range specified in the three-dimen-

sional scene map;

determining the type and the initial position point of the

simulated obstacle distributed within the position range

by utilizing a preset obstacle distribution model;
adding the type and the initial position point of the

simulated obstacle to the three-dimensional scene map.

15. The storage medium of claim 11, wherein the method
further comprises:

obtaining a behavior model of the simulated obstacle, the

behavior model being established by analyzing behav-
ior data in actual driving scene data made by an actual
obstacle corresponding to the simulated obstacle when
the actual obstacle encounters an unmanned vehicle;
and

determining the initial motion trajectory sequence of the

simulated obstacle based on the initial position point
and the behavior model.
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